GP-302444 



PROJECTION WELD-BONDING SYSTEM AND METHOD 
BACKGROUND 

[0001] Hydroformed tubes are attractive for automotive vehicles because they 
provide part consolidation and stiff structures. Hydroformed tubes are formed by 
placing the desired bends in the tube and forming the tube to the desired 
configuration. The process usually requires placing a tubular member having an open 
bore in a mold and sealing the ends of the tube. A pressurized liquid is then injected 
into the open bore, causing the tube to stretch and expand out against the mold. 

[0002] In space-frame vehicle architecture, one hydroformed tube may need to 
be joined to another hydroformed tube. One joining method used to join one tube to 
another is welding one tube surface to another tube surface. However, the closed 
nature of hydroformed tubes imposes practical constraints when using conventional 
welding techniques, such as gas metal arc welding. Resistance welding is another 
type of welding that may be employed; however, when there are large contact 
surfaces (as there is with the hydroformed tubes), a very large current is required to 
generate enough heat to form a weld through resistance welding. In turn, the large 
current mandates a large transformer. Thus, resistance welding becomes an 
impractical method of welding hydroformed tubes. 

BRIEF SUMMARY 

[0003] Disclosed herein is a method of welding including: providing a first 
workpiece that is made of a material that conducts electricity; providing a second 
workpiece that is made of a material that conducts electricity and has a plurality of 
projections formed therein; applying a material between each projection of the 
plurality of projections, the material having an electrical conductivity that is lower 
than the conductivity of the second workpiece; disposing an area of the first 
workpiece at the plurality of projections of the second workpiece; and conducting 
electricity through the first workpiece and through at least one of the plurality of 
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projections of the second workpiece. A projection weld bond system includes: a first 
workpiece that is made of a material that conducts electricity; a second workpiece that 
is made of a material that conducts electricity and has a plurality of projections 
formed therein; an area of the first workpiece is disposed at the plurality of 
projections; a material that has an electrical conductivity lower than the conductivity 
of the second workpiece and is disposed between each of the plurality of projections; 
and means for conducting electricity through the first workpiece and through at least 
one of the plurality of projections of the second workpiece. 

[0004] The above described and other features are exemplified by the 
following figures and detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] Referring now to the figures, which are exemplary embodiments and 
wherein the like elements are numbered alike: 

[0006] Figure 1 is a front perspective view of a projection bond welding - 
system before welding is initiated; 

[0007] Figure 2 is a close up view of the projections and insulating material 
on a workpiece of the projection bond welding system of Figure 1; 

[0008] Figure 3 is a front perspective view of the projection bond welding 
system after welding has begun; and 

[0009] Figure 4 is a close up view of the projections and insulating material 
on a workpiece of the projection bond welding system of Figure 3. 

DETAILED DESCRIPTION 

[0010] Figure 1 illustrates a projection weld bonding system 10, which 
includes a first workpiece 20 and a second workpiece 22. It is contemplated that the 
workpieces can have a wide range of shapes and sizes. Workpieces 20 and 22 may be 
made of a wide range of materials, so long as the material conducts electricity. The 
workpiece 20 is connected to a first electrode 24 and the second workpiece 22 is 
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connected to a second electrode 26. 

[001 1] In an exemplary embodiment, the two workpieces 20 and 22 are 
hydroformed tubes that include walls 28 forming the tube and a hollow section 30 in 
the center of the workpiece. Each wall 28 has a thickness 32 that is as thin as 
approximately 0,5 millimeters to as thick as approximately 8 millimeters. 

[0012] In an exemplary embodiment, both electrodes 24 and 26 are made of 
material that conducts electricity and has good conductivity characteristics, such as 
copper. While the electrodes 24 and 26 are shown as bars, the electrodes 24 and 26 
may be different shapes. The electrodes 24 and 26 may also apply a force to 
workpieces 20 and 22 and may be used to clamp the two workpieces 20 and 22 
together. Electricity 40 flows from one workpiece to the other workpiece and is 
illustrated in Figure 1 as flowing from workpiece 22 to workpiece 20. Figure 1 
illustrates the projection weld bond system 10, just before the electricity 40 begins to 
flow. While embodiments disclosed herein may depict electricity 40 flowing in one 
direction, such as in a DC (direct current) welding application for example, it will be 
appreciated that embodiments of the invention may also employ electricity 40 flowing 
in two directions, such as in an AC (alternating current) welding application for 
example. 

[0013] One of the workpieces (in this case workpiece 20) is formed with a 
plurality of projections 42 formed in the workpiece 20. The projections 42 may be 
formed through any method suitable for the purpose. Examples of such methods 
include secondary sheet metal forming, a secondary coining operation, and 
hyrdroforming. For instance, when the workpiece 20 is formed, the hydroforming die 
may be modified so that the cavity of the die includes the projections, thereby forming 
the workpiece 20 with the projections 42. It is recognized that either workpiece could 
have the projections formed as part of the tube. The plurality of projections 42 are 
formed in a location of the workpiece 20 that will be joined to the workpiece 22. 

[0014] Referring to Figures 1 and 2, projection weld bonding system 10 also 
includes a layer of a substance or material 44, which is located on the workpiece that 
has the projections 42. Alternatively, or in combination, the material 44 may be 
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located on the opposite workpiece in an area not directly opposing the projections 42. 
In an embodiment, the total thickness of the material 44 is less than the height of the 
smallest projection 42. It is also understood that the terms "substance" and "material" 
are used interchangeably to reflect that it does not matter whether the layer is a 
substance or a material. Thus, when one term is used, the use of that term 
encompasses the other term. The material 44 has an electrical conductivity that is 
lower than first and second workpiece. In an embodiment, the material 44 may either 
have a low electrical conductivity or be electrically non-conductive. 

[0015] In an exemplary embodiment, the material 44 is an adhesive so that it 
can be easily applied to the workpiece. Moreover, by using an adhesive, the adhesive 
supplements the joint in that the adhesives fills in the areas surrounding the welds, 
thereby enhancing the performance of the joint. In an embodiment, the material 44 is 
placed between each of the projections 42 and at the end of each of the projections so 
that the adhesive surrounds each projection. The material 44 may be applied by any 
method, such as through a nozzle, which directs the placement of the adhesive. In an 
exemplary embodiment, material 44 will be applied so as to be as thin as possible, to 
develop the maximum possible strength, but the initial application should be 
sufficiently thick to fill the largest gap or contour that naturally occurs on the surface 
of the workpiece. If excess material 44 has been applied to the workpiece, the excess 
material 44 may be extruded from the joint when the parts are fitted together. 
Moreover, the thickness of the layer of material 44 may vary slightly over the 
workpiece so that the material 44 may fill gaps or contours located on the surfaces of 
the workpiece. 

[0016] The material 44 is used so that the electricity is first conducted through 
the projections, which is the path of least resistance. As such, the electrical current 
resists going through the area surrounding each of the projections. Material 44 is 
either minimally electrically conductive or non-conductive and therefore limits and/or 
prevents electricity from flowing through the area with the material 44. Examples of 
low electrically conductive materials include, but are not limited to, epoxy, most 
polymers, rubber, and PVC. In particular, exemplary material 44 includes M - 
BOND® 610 and Terokal 4555B. 
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[0017] Referring to Figure 2, when the plurality of projections 42 are formed, 
each projection 42 is formed with a height 46 and a base width 47. In an exemplary 
embodiment, a first set of projections has a first height and a second set of projections 
has a second different height. It is understood that the first set of projections may 
include one, two, three, or more projections and that the second set of projections may 
include one, two, three, or more projections. It is also understood that while only two 
sets of projections are discussed specifically, the number of sets of projections may be 
more than two. 

[0018] The same is also true of the base width 47 of the projections 42. In an 
exemplary embodiment, a first set of projections has a first base width and a second 
set of projections has a second different base width. It is understood that the first set 
of projections may include one, two, three, or more projections and that the second set 
of projections may include one, two, three, or more projections. It is also understood 
that while only two sets of projections are discussed specifically, the number of sets 
of projections may be more than two. In addition, while the figure illustrates the 
elongated projections with rounded cross-sections, the projection cross-section may 
be any shape that can be formed, such as pointed, hemi-spherical or square, for 
example. 

[0019] The height 46 and base width 47 of the projections 42 are determined 
based on the thickness 32 of the workpiece 20, 22 in which the projection is formed. 
For instance, the thinner the thickness of the workpiece, the smaller the height and 
base of the projection. Alternatively, the thicker the thickness of the workpiece, the 
larger the height and base of the projection. In an exemplary embodiment, if the 
thickness 32 of the workpiece 20 is 0.7 millimeter, then the average height and base 
width of the projections 42 is 0.56 millimeter and 2.4 millimeter, respectively. 
Moreover, because the projections may have different heights, the range of the height 
46 of the projections 42 is approximately 0.2 millimeter to approximately 1.0 
millimeter. The base width 47 of the projections 42 can also vary and is 
approximately 0.8 to 10 mm. 

[0020] In another exemplary embodiment, if the thickness 32 of the workpiece 
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20 is 3 millimeters, then the average height of the projections 42 is 1.4 millimeter and 
the range of the height 46 of the projections is 0.5 millimeter to 2.5 millimeter. The 
base width 47 of the projections 42 can also vary and is in the range of 2.0 to 10 mm. 
Moreover, while Figure 2 illustrates the projections 42 as having a rounded cross- 
section, the cross-section of projections 42 can be any shape. Additional examples of 
size of heights and base widths of projections are set forth in the American Welding 
Society Handbook Guides. 

[0021] Referring again to Figure 1, each projection 42 has a length 48, which 
can vary. In an exemplary embodiment, the length 48 is the approximately 0.4 to 0.7 
of the width of the workpiece that is being welded to the workpiece with the 
projections. 

[0022] Referring to Figures 3 and 4, the projection weld bonding system 10 is 
illustrated after initiating the electricity 40 through the system 10. Electricity (or 
current) 40 flows through electrode 26, workpiece 22, the largest projection(s) 42 (see 
Figure 1), workpiece 20, and electrode 24. As electricity 40 continues to flow, heat is 
created at the largest projection 42 (see Figure 1), which in turn melts the largest 
projection and creates a weld pool 50. The depicted shape of weld pool 50 is 
illustrative only and may be influenced by a plurality of material and/or welding 
parameters. 

[0023] The plurality of projections 42 may also include projections 42 of 
different heights 46 and base widths 47, which allows the initial contact area between . 
the two workpieces to remain small thereby limiting the areal extent of current flow 
and hence the total current while also restricting the size of the molten zone. When 
the projections 42 are different heights, then initially, there is only one projection that 
contacts the opposing workpiece. When the current flows through the workpieces, the 
current will go through the path of least resistance. As such, when projections are 
located at the contact area between the two workpieces, the current will flow through 
the projection with the largest height, as that is the area of contact and the path of least 
resistance. Because the contact area is only the area of the projection, the current 
flows through only this area, which heats up the metal at that projection, which causes 
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the projection to melt and collapse, thereby developing a weld at the area of the 
projection. Moreover, because the area of contact is small, the projection heats up 
quickly. An exemplary embodiment of the invention also encompasses a first set of 
projections having a first height and/or base width and second set of projections 
having a second different height and/or base width. 

[0024] Once the highest projection(s) has collapsed, the next highest 
projection(s) comes in contact with the opposing workpiece, which then causes the 
second projection(s) to melt. As such, the projections melt progressively. To ensure 
that each projection melts progressively, the weld current may be increased slightly to 
compensate for the contact area becoming larger. As a result, the slightly higher 
current will heat the metal at the projection to a point at which the projection melts 
and collapses. 

[0025] The advantage of the projection weld bonding system 10 is that the 
system 10 is cheaper than laser beam welding and a large area can be welded or weld 
bonded. Projection weld bonding also produces a strong connection between two 
structures. In addition, because there is a smaller weld area, the projection weld 
bonding system 10 reduces energy consumption, reduces the transformer size, and 
prolongs the electrode life. 

[0026] While the disclosure has been described with reference to an 
exemplary embodiment, it will be understood by those skilled in the art that various 
changes may be made and equivalents may be substituted for elements thereof 
without departing from the scope of the disclosure. In addition, many modifications 
may be made to adapt a particular situation or material to the teachings of the 
disclosure without departing from the essential scope thereof. Therefore, it is 
intended that the disclosure not be limited to the particular embodiment disclosed as 
the best mode contemplated for carrying out this disclosure, but that the disclosure 
will include all embodiments falling within the scope of the appended claims. 
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